The processes that allow phagocytes to eliminate pathogenic microbes under inflammatory conditions remain incompletely understood. Recent work has implicated coronin 1 in the modulation of endocytic traffic upon macrophage activation. While in resting macrophages, uptake occurs largely through receptor-mediated phagocytosis, inflammatory stimuli such as interferon-γ and tumor necrosis factor-α were found to activate macropinocytic uptake of cargo through phosphoinositol-3-kinase activation in a coronin 1-dependent manner. In this commentary we will briefly describe these recently published results [1] , and discuss how this inducible pathway may serve to clear the inflammatory site from large amounts of infectious material and couple pathogen clearance to a proper activation of immune responses.
Macrophages are the first line of defense against invading pathogens. These phagocytes excel at ingesting microbes through phagocytosis followed by lysosomal transfer and degradation. Although phagocytosis employs different surface receptors such as Fc receptors, complement receptors, scavenging receptors as well as several lectin receptors [2, 3] , it may not be sufficient for an effective elimination of large numbers of microbial pathogens under acute inflammatory conditions [4] . Also, certain pathogens, including Mycobacterium, Legionella and Listeria spp. rely on strategies to evade or arrest phagosome maturation prior to lysosomal delivery [5] [6] [7] . So how do macrophages cope with the vast amounts of pathogenic cargo that may be present during an episode of rapidly invading infectious pathogens? A recent study from our laboratory suggests that inflammatory stimuli, including the macrophage activating cytokines interferon-γ and tumor necrosis factor-α result in a reprogramming of the internalization pathway from receptor-mediated phagocytosis to macropinocytosis [1] . Activation-induced phosphorylation of coronin 1 results in its delocalization from the cell cortex into cytoplasmic punctae where it appears to act as a molecular switch to induce macropinocytosis.
Macropinocytosis refers to the process that allows cells to internalize large amounts of both fluid phase and
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particulate material in a non-specific manner [8] . In several cell types, such as epithelial cells, macropinocytosis can be induced in response to certain growth factors (epidermal growth factor, phorbol esters) as well as microbial pathogens (Salmonella, Shigella or viruses) [9] [10] [11] [12] . In both macrophages and dendritic cells, macropinocytosis occurs constitutively and serves to non-specifically internalize large amounts of antigens in order to generate appropriate immune responses [4, 8] .
It turns out that switching from phagocytosis to macropinocytosis during macrophage activation occurs in a strictly regulated manner, and is governed by phosphorylation of the protein coronin 1, also known as P57 or TACO (for Tryprophan Aspartate containing COat protein) [13] . Coronin 1 is a member of the highly conserved family of coronin proteins, that are characterized by a central WD40 region followed by a C-terminal coiled-coil domain required for homo-oligomerization [14, 52] . Coronin 1 is predominantly expressed in leukocytes and was originally described as a protein that protects intracellularly residing pathogenic mycobacteria from being delivered to lysosomes, thereby allowing these pathogens to survive within macrophage phagosomes [13, 15, 16] . A role for coronin 1 in uninfected macrophages has remained unclear. Previous studies suggested that coronin 1 may also modulate cargo delivery other than mycobacteria from phagosomes to lysosomes in the case of H. pylori and acetylated LDL [17, 18] , although for a range of other ligands coronin 1 seems to be dispensable for their internalization [19, 20] . Whereas in resting macrophages the role for coronin 1 in modulating cargo entry other than pathogenic mycobacteria remains unclear, the new results show that interferon-γ or tumor necrosis factor-α mediated stimulation of macrophages readily switches the uptake machinery from receptor-mediated phagocytosis to macropinocytosis. These inflammatory stimuli induce protein kinase C (PKC)-mediated phosphorylation of coronin 1 on serine residues, that results in relocalization of coronin 1 within the macrophage. Importantly, upon addition of cargo, phosphorylated coronin 1 induces the activation of phosphoinositol-3-kinase activity that is well known to be important for the induction of macropinocytosis [1, 11, 21] . Also, phosphorylated coronin 1 was observed to transiently associate with sorting nexin 5, a phosphoinositol-binding protein that is associated with nascent macropinosomes [1, 22, 23] . Furthermore, the interaction of coronin 1 with membranes depends on its association with cholesterol [24] , a component that is well known to be involved in macropinocytosis [25, 26] Together these results suggest a reprogramming of the endocytic machinery from receptor-mediated phagocytosis to macropinocytosis through coronin 1 phosphorylation in macrophages [1] . Although as mentioned above coronin 1 was initially identified as a molecule specifically allowing mycobacterial retention in phagosomes [13, 19, [27] [28] [29] , the role for protein kinase C-induced phosphorylated coronin 1 in activating macropinocytosis extends beyond the uptake of pathogenic mycobacteria; Indeed, not only mycobacteria, but also Escherichia coli, and even beads coated with ligands for different receptors, while all being internalized through receptor-mediated phagocytosis in resting macrophages, become engulfed through macropinocytosis in a phospho-coronin 1-dependent manner upon activation [1] .
Internalization of infectious material during inflammation through macropinocytosis rather than phagocytosis has important advantages; first, given that macropinocytosis represents a non-selective mode of uptake, macrophages will be allowed to internalize any cargo regardless of a specific receptor that would be needed for receptor-mediated phagocytosis. Second, several pathogens enter macrophages using receptors that may result in silencing host responses [30] , and redirecting uptake through macropinocytosis would circumvent such silencing. Third, pathogens such as pathogenic mycobacteria, upon entry via phagocytosis, reside within phagosomes that do not fuse with lysosomes, thereby surviving intracellularly [7, 31, 32] . However, when internalized through macropinocytosis these pathogens are readily delivered to lysosomes followed by efficient elimination [1] and the same may hold true for microbial pathogens such as Leishmania spp., Legionella spp. and Toxoplasma gondii [33] [34] [35] [36] [37] . Interestingly, inflammatory stimuli such as interferon-γ are also known to induce genes involved in autophagy [38] [39] [40] , which is a cellular pathway involved in the degradation of both cytoplasmic as well as membrane enclosed material [41] [42] [43] and recent work has highlighted the importance of the autophagic pathway in the elimination of intracellularly residing pathogens [41] . Although the interferon-γ mediated induction of macropinocytosis through coronin 1 phosphorylation precedes the expression of genes involved in autophagy, it may well serve to coordinate unspecific uptake of large amounts of cargo with upregulation of components of the autophagic pathway. Also, and importantly, such macropinocytic uptake may prevent pathogens from employing hijacking mechanisms following their receptormediated phagocytosis, thereby ensuring a direct delivery into autophagolysosomes. At least for pathogenic mycobacteria, activation-induced macropinocytosis results in efficient lysosomal delivery, as the mycobacteria are unable to recruit and retain coronin 1 at the phagosomal membrane [1, 19] . How, exactly, coronin 1 phosphorylation in activated macrophages induces macropinocytosis remains to be analyzed. Recent work has shown an important role for coronin 1 in the activation of both the Ca 2+ as well as cAMP second messenger pathways in T cells and neurons [14, 44, 45] . Interestingly, elevated levels of cAMP are known to modulate the actin cytoskeleton including a reduction of macrophage phagocytosis [46] [47] [48] [49] [50] , and it is conceivable that upon activation, coronin 1 phosphorylation coordinates phosphoinositol-3-kinase activation with cAMP-mediated downregulation of phagocytosis.
Finally, since activation-induced phosphorylation of coronin 1 acts as the molecular switch from phagocytosis to macropinocytosis, it might be interesting to establish whether manipulation of this pathway may be useful in developing therapeutics to induce cargo transfer to and elimination within lysosomes. Such therapeutic interventions might provide an alternative mode to achieve pathogen clearance through manipulation of the host rather than trying to eliminate the pathogens from a refractive phagosome as is the case for example for pathogenic mycobacteria. Such a strategy in targeting the host rather than the pathogen may also help to overcome drug resistance, which is becoming an increasing problem in the fight against pathogenic microbes [51] .
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